dverse drug-related events, defined as injuries due to drugs, occur frequently among inpatients. [1] [2] [3] [4] In one study, 6.5 percent of hospitalized patients had an adverse drug event, and 28 percent of the events were preventable. 5 Adverse drug events often lead to hospital admission. A meta-analysis 6 estimated that in 1994 more than 1 million Americans were hospitalized because of adverse drug events, accounting for 4.7 percent of all admissions. Even though most prescribing occurs in outpatient settings, much less is known about outpatient adverse drug events than about inpatient events. Annual estimates of the proportion of outpatients with an adverse drug event range from 5 percent to 35 percent. 7, 8 In a recent retrospective study, 17 percent of outpatients reported a problem related to a prescribed medication, 9 and in another recent study, involving Medicare enrollees living in the community, the rate of adverse drug events was 5 percent per year. 10 However, few prospective data are available on the incidence of adverse drug events in the ambulatory care setting.
Several factors account for the dearth of information about adverse drug events among outpatients. Such patients obtain and administer their own medications. Since contact with physicians is intermittent, communication about problems may be infrequent. Inadequate documentation of outpatient care and high costs limit the usefulness of chart review, which is most commonly used to ascertain adverse drug events among inpatients. 11 These factors make it difficult to identify adverse drug events among outpatients.
We performed a study to determine the frequency, type, severity, and consequences of adverse drug events among outpatients. In addition, we assessed the preventability of such events and identified strategies to keep them from occurring or to ameliorate them.
sites
We studied four adult primary care practices in Boston, all of which were affiliated with academic medical centers. Two practices were hospital-based and staffed by full-and part-time teacher-clinicians, and two practices were community-based and staffed by full-time primary care physicians. One of each type of practice used a basic computerized system for prescribing drugs, and one of each type used a manual system. The computerized systems provided printed prescriptions and information in required fields (drug, dose, quantity, and duration) but did not offer default doses in most cases and did not perform automatic checks for allergies or drug interactions. Data were collected between September 1999 and March 2000. The institutional review board approved the study. Patients were considered to have given informal consent if they completed the survey.
physicians
All physicians at three of the sites (6 physicians at each of two sites and 5 at the third) participated in the study; 6 of 27 physicians at the fourth site were randomly selected to participate and agreed to do so. They were not blinded with respect to the purpose of the study. Once the study had begun, a seventh physician at the fourth site was added to augment the total number of patients. All physicians were board-certified internists (Table 1) .
patients
Patients older than 18 years who received any prescription from participating physicians during a clinic visit (the index visit) were enrolled once during the study period (a four-week enrollment period per site). Patients were excluded if their physicians thought they were too ill or had a hearing impairment that would interfere with their participation or if they were unable to speak English or Russian. (Some of the clinics had a large number of Russianspeaking patients.)
data collection
One day after the index visit, we sent patients a letter describing the study as a project to improve the way in which medications are prescribed and requesting their participation in a telephone survey. Patients could decline to participate by postcard or when telephoned. Ten to 14 days after the index visit, we asked patients who agreed to participate about specific symptoms; if symptoms were present, more structured questions followed about timing and actions taken. We also asked patients to read the labels on their prescription bottles to us. Three months later, we again telephoned the patients and asked about symptoms and their general health. Also at three months, a nurse examined the medical record of each survey participant to identify any adverse drug events documented in the chart during that interval, drug allergies, and existing conditions. 
adverse drug events
Possible adverse events were reviewed independently by two of us (both physicians). The reviewers determined the likelihood that the event was related to a medication (thus meriting classification as an adverse drug event) and classified the event according to its severity and preventability. The reviewers considered the timing of symptoms, whether the patient attributed the symptoms to the drug, and the strength of published data on the relation between the symptoms and the drug. Each adverse drug event was classified as "fatal or life-threatening," "serious," or "significant." 12 Events were also classified as "nonpreventable," "preventable," or "ameliorable." Preventable events were those due to errors that could have been entirely avoided. Ameliorable events were those whose severity or duration could have been substantially reduced had different actions been taken. The reviewers determined preventability on the basis of the physician's presumed knowledge at the time the drug was prescribed. If insufficient information was available, the reviewers assumed that the physician's decision was correct. If an event was preventable or ameliorable, the reviewers specified the type of error and how it might have been prevented.
Confidence about the classification of events was rated on a six-point scale (1, little or no confidence; 2, slight-to-moderate confidence; 3, less than 50 percent confidence but a close call; 4, more than 50 percent confidence but a close call; 5, strong confidence; and 6, virtually certain). Events were excluded if the score for the confidence level was less than 4 (i.e., less than 50 percent confidence). This cutoff point was selected a priori. Differences between the two reviewers' judgments about the classification of events as drug-related and about the severity and preventability of such events were resolved by discussion. Interrater agreement (determined on the basis of the ratings before a consensus was reached) was high for the classification of events as drugrelated (kappa, 0.89; 95 percent confidence interval, 0.79 to 0.99), their severity (kappa, 0.72; 95 percent confidence interval, 0.59 to 0.87), and their preventability (kappa, 0.70; 95 percent confidence interval, 0.62 to 0.78).
statistical analysis
We used Student's t-test to compare continuous data; the results are presented as means ± SE. The chi-square test was used to compare categorical data; the results are presented as counts, with percentages. All reported P values are based on twotailed tests of significance.
The association between the characteristics of the patients and the number of adverse drug events was determined with a Poisson regression model. Only variables with a univariate association of P< 0.25 were introduced into the multivariate model. Clustering of variables according to the physician was accounted for with the use of a generalized estimating equation. 13 All analyses were conducted with SAS software (SAS Institute) and Microsoft Excel.
response rates
Of 1202 patients enrolled, 661 (55 percent) completed the survey at two weeks and of these patients, 600 (91 percent) completed the survey at three months. Chart reviews were completed for 653 of the 661 patients (99 percent). The 541 nonparticipants included 168 who refused to participate when contacted by telephone, 139 who opted out by postcard, 205 who could not be contacted, 24 who had language or hearing problems, and 5 with other reasons for not participating. The characteristics of the 661 patients who participated in the survey are shown in Table 2 .
rates of adverse drug events
Of the 661 patients surveyed, 162 had adverse drug events (25 percent; 95 percent confidence interval, 20 to 29 percent), with a total of 181 events (27 per 100 patients). Twenty-four of the events were seresults Table 3) . None of the events were fatal or life-threatening. The mean number of medications was significantly higher for the patients who had adverse events than for those who did not; none of the other characteristics of the patients differed significantly between the two groups ( 
types of adverse drug events
Serious adverse drug events included symptomatic bradycardia, symptomatic hypotension, and gastrointestinal bleeding. Table 4 lists all 24 serious events, classified according to whether they were preventable or ameliorable. An example of a preventable serious event was an allergic rash in a patient for whom an antibiotic had been prescribed despite a documented allergy; an example of an ameliorable serious event was prolonged sexual dysfunction in a patient whose provider failed to discontinue a selective serotonin-reuptake inhibitor despite this symptom. Examples of significant ameliorable events include a protracted cough in a patient who continued to be treated with an angiotensin-converting-enzyme inhibitor despite the availability of alternative therapy, and prolonged sleep disturbance in a patient who was taking an antidepressant and whose physician was unaware of this symptom because the patient did not report it.
The most frequent type of adverse drug events and the most frequent preventable or ameliorable events were those related to the central nervous system (33 percent and 35 percent, respectively), gastrointestinal events (22 percent and 25 percent), and cardiovascular events (18 percent and 18 percent). Of the 162 patients who had an event, 26 (16 percent) reported that their symptoms required a visit to a clinical facility (19 visited an urgent care clinic, 3 went to an emergency room, and 4 went to another type of facility). Preventable or ameliorable events accounted for 9 of the 26 visits (35 percent; 6 to an urgent care clinic, 1 to an emergency room, and 2 to another type of facility).
* Percentages may not sum to 100, because of rounding. 
predictors of adverse drug events
None of the characteristics of the patients (age, race or ethnic group, sex, educational level, primary language, number of coexisting conditions, number of years as a patient in the practice, type of practice, or type of prescription system) were significantly associated with adverse drug events in univariate or multivariate analyses. However, the number of medications that a patient took was associated with the risk of an event (P<0.001). The mean number of events per patient increased by 10 percent (95 percent confidence interval, 6 to 15 percent) for each additional medication.
medications associated with adverse drug events
The medications most frequently associated with adverse drug events are shown in Table 5 . Selective serotonin-reuptake inhibitors, several classes of antihypertensive agents, and nonsteroidal antiinflammatory medications were most commonly involved. Because certain types of medications are prescribed more frequently than others, we calculated event rates on the basis of patients' reports of use (excluding drug categories with fewer than 10 patients). On this basis, the classes of medication with the highest event rates were corticosteroids, nonnarcotic analgesics, and penicillins. The highest rates of preventable or ameliorable events were associated with the use of selective serotonin-reuptake inhibitors, calcium-channel blockers, and nonsteroidal antiinflammatory agents (Table 5) .
ameliorable adverse drug events
Of the 51 ameliorable events, 32 (63 percent) were attributed to the physician's failure to respond to medication-related symptoms and 19 (37 percent) to the patient's failure to inform the physician of the symptoms. The rate of ameliorable events did not differ significantly between clinics with computerized prescription systems and those with manual systems (47 percent and 53 percent, respectively; P=0.87).
preventable adverse drug events
Of the 20 adverse drug events that were preventable, 9 were due to the selection of an inappropriate drug, 2 to the wrong dose, and 2 to the wrong frequency of use. The rate of preventable events was the same for practices with computerized prescription systems and those with manual systems (50 percent for both, P=0.97). Advanced systems of computerized medication ordering, such as those that check the dose of the drug, interactions with other drugs, and allergy to the drug, could have prevented 7 of the 20 preventable events (35 percent).
In this study of four primary care practices, we found that one quarter of outpatients had adverse drug events during a three-month period. Of these events, 13 percent were serious, 39 percent were either ameliorable or preventable, and 6 percent were serious and preventable or ameliorable. Ameliorable adverse drug events were attributed to poor communication: the physician's failure to respond to symptoms reported by the patient or the patient's failure to report symptoms to the physician. Preventable adverse drug events were due to prescribing errors, one third of which could have been prevented by the use of advanced computerized systems of prescribing medications. The characteristics of the patients were not significantly associated with adverse events, except for the number of medications taken. This finding is similar to that among inpatients 14 and suggests that strategies to improve the processes of care for all patients will be more effective than strategies that target high-risk groups.
The rate of adverse drug events in our study (27 per 100 patients) was about four times as high as that reported in studies of inpatients (about 6 per 100 admissions). 1, 5 However, these inpatient studies did not directly survey patients to identify events. In our study, patients reported three times as many events as did trained chart reviewers. The longer duration of exposure to medications among outpatients than among inpatients may contribute to the higher rate of events. The proportion of events that were serious was lower in our study (13 percent) than in one inpatient study (43 percent, including life-threatening and fatal events). 5 However, the percentage of outpatients in our study who had serious events was actually higher than the percentage of hospitalized patients who had serious events (3.5 percent vs. 2.6 percent), because of the higher total rate of outpatient events.
In a recent study by Gurwitz et al., the frequency of adverse drug events was 5 percent per year in a population of outpatients who were 65 years of age or older. 10 In that study, events were detected with a variety of approaches, including clinicians' reports, searches of computerized data for indicators of possible events, and computerized searching of electronic notes, but patients were not directly contacted. The current study includes patients who sought care and received a medication, and these patients were much younger (mean age, 52 years, vs. 75 in the study by Gurwitz et al.) . The medications prescribed in this younger population also differed, with selective serotonin-reuptake inhibitors playing a larger part. Even though the study by Gurwitz et al. included older patients, who would be expected to be at higher risk for adverse events because such patients take more medications, and included a year of surveillance rather than three months, the event rate in the current study was five times as high as the rate in the study by Gurwitz et al., suggesting that chart-based approaches result in a major underestimate of the true rate. Gurwitz et al. did not make the distinction between events that were preventable and those that were ameliorable, but the overall proportions of patients with preventable events were similar in the two studies. In the current study, communication issues were much more important, probably in part because such problems cannot be readily detected by chart review alone.
Most other previous studies of the frequency of adverse drug events among outpatients have been drug trials. Such studies provide valuable data because they include control groups, members of which often report many symptoms. However, these trials have limitations: the patients are generally healthier and younger than members of the general population who take medications, and patients enrolled in trials may take fewer medications overall. Studies such as ours and that of Gurwitz et al., which include a cross-section of the general population, are an important complement to clinical trials, though lack of a control group may lead to an overestimate of events. * A medication class was excluded if fewer than 10 patients were taking medications in that class.
† The denominator is the total number of patients taking the medication. We found that 39 percent of adverse drug events in primary care were either preventable or ameliorable. Antidepressant and antihypertensive medications were often implicated in these events, even after we accounted for the frequency with which they were prescribed. In contrast, analgesics, sedatives, and antibiotics are most commonly implicated in adverse events among inpatients. 5 Education about these commonly prescribed medications and increased monitoring for side effects could benefit physicians and patients. In our study, most of the preventable events were due to prescribing errors (an inappropriate choice of drugs, drug interaction, or drug allergy). Computerized checks for interactions and allergies could have prevented both serious preventable events in this study, although the overall benefit of computerized prescribing in reducing adverse drug events among outpatients remains to be demonstrated.
Ameliorable adverse drug events, which were much more common than preventable events, occurred when physicians failed to respond to medication-related symptoms and when patients failed to inform physicians about such symptoms. Patients often had symptoms for months without any changes in their medications, and only a small percentage of patients reported that symptoms led to a visit to a physician. A prior study has shown that patients experience substantial anxiety and discomfort because of drug-related symptoms. 9 Clearly, strategies to improve patient-doctor communication are essential in the outpatient setting. These strategies could include developing educational materials for patients, improving translation services, and increasing patients' access to outpatient pharmacists (to discuss medications and side effects). Some institutions have developed Web sites for patients that provide information about medications and make it possible for users to e-mail physicians. 15, 16 Such Web sites may enhance communication about medications. 17 Improved strategies to monitor side effects could also be developed; for example, a nurse or pharmacist could call the patient after an office visit to inquire about any problems related to medications. Physicians' responses to symptoms could be improved by making physicians more aware of the importance of monitoring symptoms, the prevalence and burden of adverse drug events among outpatients, and the range of therapeutic alternatives. Finally, since we identified many more events by surveying patients than by reviewing charts, strategies to improve communication should also include measures to improve documentation of adverse events in medical records.
The major limitation of our study was that it involved only four primary care practices. Although we included hospital-based and community-based practices, the results may not be generalizable. Despite the short study period, the sample was sufficiently large that our estimates of incidence are reasonably accurate. Another limitation was that we relied on patients' reports of events; however, we did confirm the reports by means of an independent review by two physicians, and there was a high level of agreement in their judgments. That these reviewers were not the patients' physicians may have been beneficial in minimizing inherent biases. In addition, response bias could have affected our surveys, although the interviewers did not specifically state that the study concerned adverse drug events. Finally, we did not ask patients why they did not inform physicians of medication-related problems, so we cannot identify underlying factors (e.g., lack of education about medications or inadequate access to physicians). Further research should focus on why patients do not report symptoms to physicians and why physicians fail to act on the reports they do receive.
Our results suggest that adverse drug events are common among outpatients, that they have important consequences, and that more than one third of such events are preventable or ameliorable. Improvements in monitoring for and responding to symptoms appear to be especially important for the prevention of adverse drug events in outpatients. In addition, improved communication between outpatients and their physicians may reduce the frequency of these events.
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